Human health may be at risk when consuming edible but metal-contaminated aquatic plants. This present study was conducted to evaluate the bioavailabilities of manganese (Mn) and cadmium (Cd) in metalscontaminated wild water spinach (WWS), Ipomoea aquatic Forssk. through in vitro human gastrointestinal digestions. Additionally, the health risks from consuming the plant were also assessed. Metals-contaminated hydroponic nutrient solutions were used to grow the plants under greenhouse conditions. The plants were harvested after seven days of metal exposure and their edible shoots (stems and leaves) underwent digestions simulated from the human gastrointestinal tract. A standard reference material (peach leaves, SRM 1547) was used to assess the precision and accuracy of the in vitro digestion studies. Results showed that the metal concentrations in plants increased when the treatment concentration increased; the metals concentrations were higher in the raw (RHS) samples than in the cooked (DHS and CHS) samples. The bioavailabilities of Mn and Cd were found to be higher in the intestinal extractions than in the gastric extractions. The health risk index (HRI) showed that the adults averagely aged 44 in Selangor, Malaysia was at risk if they consumed Mn-T1-contaminated cooked (CHS) WWS and Cd-contaminated raw (RHS) and cooked (CHS) WWS at T1 and T2 because their HRI values were more than 1.
Introduction
Malaysia is a country that is blessed with fertile soils that are most suitable for agricultural activities to take place. Agricultural activities undoubtedly contribute high agriculture productivity, but at the same time they also inevitably deteriorate our environment [1] . For example, the intense usage of agrochemicals such as inorganic fertilizer, fungicides, and pesticides in the agriculture has become one of the major contributing sources of heavy metal pollution [2, 3] . Heavy metals such as zinc (Zn), copper (Cu), mercury (Hg), lead (Pb), etc. have unusual and unique properties which include non-biodegradable, undestroyable, non-thermal-degradable, and accumulative [4] .
The association of natural occurring phenomena (e.g. acid rain, precipitation, soil erosion, and surface runoff) with the agriculture activities accelerate the production of heavy metal contaminated agricultural runoff [5] . The runoff will eventually leach out from the soil into nearby surface waters such as ponds and lakes [6] . The low-mixing and slow-moving pond and lake water with high heavy metals accumulation are feasible to be uptaken by the living aquatic plants or macrophytes [7] . Great attention should be given to the edible aquatic plants because many of them are used as food, herbs, and medicine [8] . Previous researchers have found that high amounts of heavy metals were able to accumulate in some of the edible aquatic plants, for example, water chestnut (Eleocharis dulcis (Burm. f.) Trin. ex Henschel) [9] , water caltrop (Trapa natans L.) [10] , lotus (Nelumbo nucifera Gaertn) [11] , watercress (Lepidium sativum L.) [12] , and wild rice (Oryza longistaminata A. Chev. & Roehr.) [13] .
Manganese (Mn) is an important source of micronutrient, but it becomes toxic when it exists in excessive amounts [14] . The major roles of Mn in plants, animals, and humans are described in Table 1 . On the other hand, cadmium (Cd) is an absolutely non-essential element and it is proven to be one of the most toxic heavy metals [15] . Bhowmik et al. have studied a number of edible aquatic plants that included prickly water lily (Euryale ferox Salisb.), arrowleaf false pickerelweed (Monochoria hastata (L.) Solms), heart-shaped false pickerelweed (Monochoria vaginalis (Burm. f.) C. Presl ex Kunth), lotus (Nelumbo nucifera Gaertn.), garden puff (Neptunia prostrata (Lam.) Baill.), red water lily (Nymphaea rubra Roxb. ex Andrews) and they found the Mn and Cd content was from 0.016 to 3.386 mg/L and 0.026 to 0.111 mg/L, respectively [16] . In addition, the edible shoot of the broadleaf cattail, Typha latifolia L. and common reed, Phragmites australis (Cav.) Trin. ex Steud. were contaminated with 6.084 and 3.146 μg/g of Cd respectively [17] .
Water spinach or Kangkong as called by the locals is one of the popularly grown and consumed vegetables in Malaysia. Water spinach stir-fried with "Sambal" is an all-time favourite dish; however, boiled water spinach is also enjoyed by the locals. Water spinach also ate in other Asian countries like Vietnam, Thailand, China, Philippines, etc. [18] . Water spinach can also be found in the wild and wild water spinach (WWS) is categorized as a type of edible aquatic plant [19] . Wild water spinach is also classifi ed as a type of indigenous vegetables [20] or wild edible plants (WEPs) [21] . The main reason for WEPs harvesting is because they are easily available, free, abundant, and sustainable [22, 23] . Wild edible plants play a signifi cant role in addressing food security in some countries that are suffering from poverty, food shortage, hunger, and poor health and among the countries include Nepal [24], Bangladesh [25] , China [26] , Mexico [27] , and Sub-Saharan Africa [28] . WWS consists of carbohydrate, protein, energy, and minerals, for example, potassium (K), iron (Fe), sodium (Na), calcium (Ca), and magnesium (Mg) [29] . Thus, it serves as a nutritious food source especially for the rural communities like the indigenous people or Orang Asli in Malaysia [30] . Foraging WWS from ponds and lakes for consumption and medicines is a common practice and the indigenous people would also cultivate the WWS to be sold in the markets to get cash income [31] , given that WWS has a high yield of 90.000 kg/ha [32] .
However, the source to where the WWS is harvested is a concern. Wild water spinach can be found in canals, lakes, ponds, and rivers. Several reports state that WWS was found at pond contaminated with high concentrations of Mn (from 0.260 to 2.960 mg/L) that have exceeded the maximum permissible limit of 0.050 mg/L set by World Health Organization (WHO, 2011) [33, 34] . Furthermore, [35] found that the lake water was contaminated with Cd as high as 0.740 mg/L which was a lot higher than the maximum permissible limit of 0.003 mg/L recommended by WHO in 2011. Water spinach is capable of absorbing heavy metals just like the other aquatic plants mentioned previously [36, 37, 38] . To be precise, Mn concentration Target  Functions  Reference   Plant Photosynthesis (e.g. ATP and chlorophyll synthesis); biosynthesis of aromatic amino acids and secondary products (i.e. lignin and fl avonoids; respiration, hormone activation, and defense mechanism against free radicals (e.g. peroxides, super oxides or hydroxyl ions).
Millaleo et al. [15] Animal Synthesis of cholesterol, steroids, estrogen, and progesterone; keration formation; free radicals neutralization.
Yatoo et al. [16] Human Bone growth; cartilage and connective tissues developement; reproductive, neuronal, and immune function; digestion; defense mechanism against free radicals Santos et al. [17] of 370 μg/g, dry weight was able to be absorbed from wetland water by the water spinach [39] and the concentration greatly exceeded the permissible limit set by the Food and Agriculture Organization/World Health Organization (FAO/WHO, 1984) [40] which was 2 μg/g [41] . As for Cd, the metal concentrations accumulated in water spinach were 0.44 μg/g, dry weigh which was above the permissible value of 0.21 μg/g [42] as stated in FAO/ WHO in 1984; and about 0.93 to 2.95 μg/g fresh weigh of Cd was also found [43] . In addition, the results obtained by [44] showed that water spinach is a hyperaccumulator for Cd. Since WWS was proven that it is capable to bioconcentrate heavy metals from its growing environment [45] , therefore human health might be at risk or threatened if the heavy metal-contaminated WWS was consumed. Upon oral exposure to metal-contaminated WWS, the heavy metals will be transferred and bioaccumulated into the human body. The ingested metal-contaminated vegetable will be broken down by the human digestive system and the soluble form of metals will be released and stored in bones and fat tissues [46] . Although it is true that humans are able to eliminate part of the heavy metals during the intestinal digestion by bile and then excreted them out from the body through faeces [47] , however, the gradual accumulation and biomagnifi cation of heavy metals in the body may trigger diseases to occur.
Manganese can cause neurotoxicity when humans are exposed to it in the long term and diseases such as Parkinson's disease, Huntington's disease, and mood disorders may arise [48] . In fact, the recommended dietary allowances (RDA) for manganese are between 2.3 to 11 mg/d and between 1.8 to 11 mg/d for men and women, respectively [49] . The potential health effects from chronic exposure of Cd include bone defects, has been reported in Toyama, Japan where locals suffered from Itai-Itai disease with severe osteoporosis after they consumed Cd-contaminated rice [50, 51] . Moreover, Cd is able to cause various cancers illness such as urinary bladder, stomach, and pancreatic cancer [52] . The tolerable daily intake (TDI), provisional tolerable weekly intake (PTWI), and maximum recommended intake (MRI) of Cd was 21.4 μg/kg body weight/day [53] , 7.0 μg/kg body weight/week [54] , and 1.0 μg/kg body weight/day [55] , respectively.
It is believed that only about 5% of the ingested amount of Mn and Cd will be accessed and uptake in the human gastrointestinal and the absorption very much depends on the exact dose and nutritional composition [56, 57] . The major organs for Mn and Cd storage are the kidneys [58] and bones [59] respectively. The bioavailability of heavy metals in vegetables can be evaluated via the in vitro digestion model [60] . The in vitro gastrointestinal digestive system or physiologically based extraction test (PBET) was utilized with slightly different treatment conditions (time, pH, temperature, chemicals, and amounts) by researchers in the past on different types of vegetables such as Chinese cabbage [18] , broccoli [61, 62] , red cabbage [63] , spinach [64] , etc [65, 66] . In the past, hazard quotient (HQ) [67] , health risk index (HRI) [68] , daily intake rate (DIR) [69] , and target hazard quotients (THQs) [70] were adopted to conduct health risk assessment. Mathematical calculations were used in these methods by substituting known values, for example, the oral reference dose, daily intake of vegetables, average human body weight, and metal concentrations in plants [71] . The outcomes were in numerical forms and the quantitative data were used to express the risk levels.
Drying, freeze-drying, and cooking are the most common food processing methods [72, 73] and their product outputs are showed in Table 2 . It is important to identify the effect of processing methods on the bioavailability of heavy metals in the vegetables. Therefore, the study aims to investigate the Mn and Cd content of the hydroponically grown metal-contaminated wild water spinach based on three modes of preparation; dried (DHS), raw (RHS), and cooked (CHS) products. Furthermore, the in vitro bioavailability of the heavy metals was also studied, which was based on the human gastrointestinal tract. The heavy metal intake was then assessed in the selected population who consumed a considerable proportion of their daily intake of processed water spinach products (RHS and CHS) and the outcomes can serve as crucial implications in the health risk and safety of consuming these products targeted toward the studied population.
Materials and Methods
The apparatus and reagents used in this work are listed in Table 3 . Preparing Metal-Contaminated and Non-Contaminated Water
Water environment for the growth of the wild water spinach was mimicked through the use of a hydroponic system. Hydroponic nutrient solutions were prepared, one contaminated and another as the control. The contaminated water was exposed to two metal concentration levels, which were low (T1) and high (T2) and the control (C) was without any metal insertion. The insertion was carried out separately for both individual metal experiment (Mn and Cd). The concentration levels used in the experiment were the proportion of the metal contamination that happened in the surface water as described in the previously published paper [45] . The treatments were made out of Mn-C, Mn-T1, Mn-T2, Cd-C, Cd-T1, and Cd-T2 and the defi nition of each treatment are explained in the subsequent paragraph.
For example, the abbreviation Mn-T1 was deduced with the former (Mn/Cd) referring to the metal used in the experiment which were manganese (Mn) and cadmium (Cd) while the latter abbreviation (C/T1/T2) stands for the control (C), low treatment (T1), and high treatment (T2). The metal-contaminated waters used in this experiment were categorized into Mn-T1, Mn-T2, Cd-T1, and Cd-T2, while the non-contaminated waters used as Mn-C and Cd-C. Metal addition was carried out on Mn-T1 (10 times Mn-C), Mn-T2 (50 times Mn-C), Cd-T1 (100 times Cd-C), and Cd-T2 (500 times Cd-C) and the concentrations in Mn-T1, Mn-T2, Cd-T1, and Cd-T2 were adjusted to approximately 0.3, 1.5, 0.1, and 0.5 mg/L, respectively. The Mn-C and Cd-C solutions were mixtures of distilled water and concentrated nutrient solutions A and B only.
Growing Water Spinach
Wild water spinach (WWS) were grown hydroponically under artifi cial daylight in a greenhouse with temperatures ranging 30.08 to 31.52ºC and humidity at 53 to 56%. The newly cultivated mature WWS were transplanted into individual pots of the hydroponic containers containing metal-contaminated and non-contaminated water. Cultivated wild water spinach was harvested after seven days of exposures to the metal environment. Edible shoots (stems and leaves) were washed, rinsed, and pre-treated into three products which were dried (DHS), raw (RHS), and cooked (CHS) products. For DHS, the shoots were dried in oven at 70ºC for 48 hours, which was done by applying the method as recommended by Hussain et al. [74] with slight modifi cations; for RHS, the shoots were frozen at -80ºC and then freeze dried at -50ºC for 48 hours according to the freeze-drying method suggested by [75] but with slight modifi cations; for CHS, the shoots were cooked in boiling water at 100ºC for 30 s, then were frozen at -80ºC, and fi nally freeze dried at -50ºC for 48 hours. Cooking then freeze-drying of the sample were carried out by following the method by Nowak [76] with slight modifi cations.
Digestion of the Water Spinach Products
The digestion of plant samples was divided into four phases. The fi rst phase involved the use of nitric acid to extract the heavy metals (available fraction) from the samples; the second and third phase involved extraction using the simulated human gastric and intestinal digestion, respectively; and fi nally the fourth phase (residual fraction), nitric acid was used again to assess the heavy metals content in the residual fraction of the samples. The digestions from the fi rst phase to the fourth phase on the plant samples were carried out in a sequential order. The conditions for the nitric acid and in vitro gastrointestinal digestions will be described in the following sections.
Nitric Acid Digestion
The fi rst and fourth phases employed the HNO₃ digestion procedures conducted by [77] with slight modifi cations. Pre-digestion was carried out on one gram of ground DHS, RHS, and CHS in about 10 mL of HNO₃ for 24 h. The mixtures were further digested at 40ºC and then 140ºC for 1 h and 3 h, respectively. Digestion was completed when a clear mixture was obtained. After that, the mixtures were cooled down; they were fi ltered through a 0.45 μm syringe microfi lter into a 50 mL Sarstedt tube and diluted with ultra-pure water.
In vitro Gastrointestinal Digestion
Two of the most important digestions in humans are gastric and intestinal digestion were simulated in the second and third phase of plant digestion. The second and third phase employed the in vitro gastrointestinal digestion procedures proposed by [78] with slight adjustments. Both the phases were performed subsequently. In the second phase, the acidic gastric juices were mimicked. Pepsin was used because it is one of the secretions found in the stomach during digestion. About 30 mL of the prepared gastric solution (1.25 g of pepsin, 0.50 g of sodium malate, 0.50 g of sodium citrate, 420.00 μL of lactic acid, and 500.00 μL of acetic acid) was added to approximately one gram of ground DHS, RHS, and CHS. Concentrated hydrochloric acid was used to adjust the pH to 2.50. The mixtures were placed into a thermostatic bath at 37ºC and shaken at 100 rpm for 1 h. About 5 mL of aliquots were taken from the mixtures after they were centrifuged at 3000 rpm for 10 min. The aliquots were fi ltered a through 0.45 μm syringe microfi lter into a Sarstedt tube and diluted with ultra-pure water. The fi lters were backfl ushed with a gastric solution to retain the original solid: solution ratio, i.e. 1: 30 g/mL for the next digestion.
As in the third phase, the slightly alkaline intestinal fl uid found in the small intestine was imitated by adding pancreatin and bile salts to the mixtures during the in vitro digestion. About 52.50 mg of bile salts and 15.00 mg of pancreatin were added to the gastric-digested residues. Saturated NaHCO₃ was used to adjust the pH to 7.00. The mixtures were shaken at 100 rpm for 2 h in a thermostatic bath maintained at 37ºC. After that, the mixtures were centrifuged at 3000 rpm for 10 min. About 5 mL of aliquots were removed, fi ltered, and diluted, which employed the same procedure as mentioned in the previous digestion. The fourth phase of digestion was developed to determine the metal concentrations in the residual (after gastric and intestinal digestions). The metal bioaccessibilities were calculated by applying the formula as follows:
Where B = bioaccessibility (%), MP = metal present in plant sample before digestion (μg/g), and MD = metal mobilized from plant sample during digestion (μg/g).
Total recovery (%) was obtained by adding the bioaccessibility values of gastric, intestinal and residual, while the total loss was the subtraction of total recovery from 100.
Quality Assurance and Control and Metals Analysis
Peach leaves (SRM 1547) were used to evaluate the precision and accuracy of the HNO₃ (available and residual fraction) and in vitro digestion (gastric and intestinal) methods. The digested SRM and plant samples from all four phases were sent for metals analysis using AAS with an air-acetylene fl ame. The Mn and Cd were quantifi ed by recording the peak height of the signals obtained at 279.5 and 228.8 nm and lamp currents fi xed at 10 and 8 mA with 0.2 and 0.5 nm of slit width, respectively. The detected Mn and Cd concentrations by AAS for the SRM are shown in Table 4 . The mean Mn recoveries from HNO₃ and in vitro digestions were 95.06 and 92.70%, respectively, while for Cd, the means were 93.59 and 91.33%, respectively.
Health Risk Index Determination
The health risk levels were assessed on the locals for the consumption of raw and cooked vegetables because eating raw [79] and cooked water spinach is commonly practised in Malaysia. The prepared metal-contaminated WWS in different forms (i.e. RHS and CHS) served as the indicator. Health risk index (HRI) was the method adopted during the assessment due to their high validity in addressing health risks. Health risk index was determined by the following equations: HRI = DIM / Rfd [71] With DIM as the daily intake of metals, calculated by applying the formula stated below: [80] and 0.001 mg/kg/d [81] respectively; Aw as the mean weight (kg) of the population studied.
Selangor is one of the most populated states in Malaysia, i.e. approximately 6.14 million people according to the Department of Statistics Malaysia (DSM, 2015) [82] and thus the population in Selangor was selected to be studied. In Selangor, the mean body weight of a person was approximately 62.21 kg in 2003 [83] ; in the same year, the daily intake of boiled and raw leafy vegetables for a person in Selangor was approximately 133 g/day or 0.133 kg/d and 34 g/d or 0.034 kg/d, respectively. If the value of the calculated HRI is less than 1, then the exposed population is said to be safe [84] .
Analysis of Data
The obtained data sets were analyzed using analysis of variance (ANOVA), Turkey-Kramer, and regression which are the standard analysis tools found in the Microsoft Offi ce Excel 2007 software. One-way ANOVA was used to evaluate statistical differences among the means of the heavy metal concentrations and bioaccessibilities. Tables 5 and 6 show the means of the total metal concentrations for DHS, RHS, and CHS at different treatments and phases. It was observed that the metal concentrations varied from DHS-RHS-CHS, C-T1-T2, and fi rst-second-third-fourth phases.
Results and Discussion

Metals Detected in Plant Samples
DHS-RHS-CHS
Concentrations in the DHS ranged from 0.218 to 8.780 and 0.445 to 9.687 μg/g for Mn and Cd, respectively; the RHS ranged from 0.090 to 3.217 and 0.465 to 10.705 μg/g for Mn and Cd, respectively; while the CHS ranged from 0.207 to 7.325 and 0.653 to 9.438 μg/g for Mn and Cd, respectively. From the regression statistics (Tables 7 and 8 ), the total Mn content was higher in the cooked WWS that is DHS (slope value = 3.75) and CHS (slope value = 1.27) than in raw WWS (RHS) with slope value of 1.12 whereas the total Cd content was higher in raw WWS (slope value = 19.50) than in the cooked WWS with the slope values of 16.97 and 13.88 for DHS and CHS, respectively.
In this work, it has further reinforced the study done by [85] on the effects of cooking methods such as blanching (CHS) and drying (DHS) to the metal concentrations in water spinach. The lowest Mn concentration was found in the raw WWS (RHS) which is in agreement with the fi ndings by [86] reported that the metals concentrations were higher in cooked vegetable when compared with the uncooked one. In this study, the Cd concentration from cooked WWS was lower compared to the raw WWS and cooking did increase the bioaccessibility of Cd in the steamed French bean, carrot, and leek which was found by [87] . Furthermore, the mean concentrations of other non-essential elements like arsenic (As) and lead (Pb) were higher in cooked vegetables than in raw vegetables [88] . Cooking of WWS may reduce the Cd content as supported by [89] and a signifi cant amount of Cd content was reduced by cooking demonstrated by [90] on a different kind of rice. The lowest Cd concentration found in CHS was probably due to its leaching into surrounding water during blanching and the blanching could cause cell lysis [91] . The differences in metal concentrations in the DHS, RHS, and CHS may also affect by factors such as the solubility [92] and chelating effect [93] . Table 5 . Mn concentrations detected in samples at different treatment concentrations and phases (mean ± SE, n = 3).
C-T1-T2
Concentrations in the C were within the range of 0.090 to 1.588 μg/g for Mn and 0.000 μg/g for Cd; the T1 ranged from 0.493 to 7.413 μg/g for Mn and 0.445 to 8.885 μg/g for Cd; while the T2 ranged from 0.493 to 8.780 μg/g for Mn and 0.653 to 10.705 μg/g for Cd.
From the results, it can be defi ned that the accumulations of both metals in the WWS increased when the treatment concentrations increased from C to T2 which were also experienced in other edible aquatic plants, for example, the water chestnut, Trapa natans var. bispinosa Roxb [94] and taro, Colocasia esculenta (L. Schott) [95] . The total metal content accumulated in an aquatic plant like the WWS may vary based on the species of the plant, type of element, biotic and abiotic factors [96] . Besides that, the metal accumulation may depend on the bioavailability of the metal, the retention time of the metal, and the interaction of the metal with other elements and substances in the water phase [97] .
First-Second-Third-Fourth Phases
Concentrations in the fi rst phase ranged from 0.676 to 8.780 and 4.821 to 10.705 μg/g for Mn and Cd, respectively; the second phase ranged from 0.090 to 2.053 and 0.516 to 1.469 μg/g for Mn and Cd, respectively; the third phase ranged from 0.188 to 2.373 and 0.445 to 1.085 μg/g for Mn and Cd, respectively; while the fourphase ranged from 0.388 to 4.764 and 3.547 to 8.716 μg/g for Mn and Cd, respectively. It was shown that the total metal content was different among the digestion phases (HNO₃, gastric, intestinal, and residual). For example, the Mn bioaccessibility in the lettuce (Lactuca sativa L.) leaves decreased in the order of gastric > residual > intestinal [98] , while [99] revealed that the solubility of Cd in the cock's comb (Celosia argentea L.) followed the order gastric > residual > intestinal. The bioaccessibility of metals from the different digestion phases is dependent on several factors such as the digestion and release of the ingested food matrix [100] .
Notice that in Fig. 1 Table 9 . Mn bioavailabilities in dried, raw, and cooked samples at C, T1, and T2 treatment (mean ± SE, n = 3). Plant sample Bioavailability of Cd (%) 
Bioaccessibilities of Metals
The calculated bioaccessibility values for gastric, intestinal and residual at different treatment concentrations and type of samples are presented in Tables 9 and 10 .
Mn
The regression statistics (Tables 11 and 12 ) indicated that the highest in Mn extraction was from RHS after taken into consideration of the slope value of 9.68 in the gastric phase. However, in the intestinal phase, the highest in Mn extraction was from CHS with the highest slope value (0.24). In overall, a higher level of Mn was able to be extracted from the plant during gastric than intestinal digestion based on the slope values recorded in Tables  11 and 12 . The results here were in line with the results obtained by [109] that the bioavailable percentage of Mn in the spinach (Spinacia oleracea L.) leaves were from 63.63 to 66.23% in the gastric phase which was higher than in the intestine phase that ranged from 27.85 to 31.82%. From the one-way ANOVA, it can be summarized that there was a difference in the mean Mn bioaccessibilities observed at different treatment concentrations for DHS (F statistical value > F critical value, p < 0.05). A tukeykramer procedure was done and it showed that there were statistically signifi cant differences between all pairs of comparison except for C and T2 in the gastric digestion; while it was found that there were statistically signifi cant differences between all three comparisons in the intestinal digestion.
Cd
The regression statistics showed that the highest Cd extraction was from DHS in the gastric and intestinal phase with slope values of 25.55 and 17.99 respectively. Overall, a higher level of Cd was able to be extracted from the WWS during gastric than intestinal digestion as estimated by the slope values shown in Tables 13 and  14 . The phenomenon of higher bioaccessibilities of Cd in the gastric than intestinal phase occurring in WWS was supported by [65] and [87] who they found that the average bioaccessibilities of Cd varied within 14 to 71% and 7 to 25% and 85% and 69% in the gastric and intestinal phase, respectively in a number of vegetables.
Since F statistical value > F critical value and P < 0.05, hence there were signifi cant differences in the mean Table 12 . Regression statistics on the bioavailability of Mn for DHS, RHS, and CHS in the intestinal phase. Fig. 1 . Comparisons between the mean Cd concentrations and maximum permissible limits (mean ± SE, n = 3).
Cd bioaccessibilities observed at different treatment concentrations for DHS, RHS, and CHS in the gastric as well as in intestinal digestion. It was then followed by the Tukey-Kramer procedure and it was found that there were statistically signifi cant differences between all three comparisons for DHS, RHS, and CHS in the gastric digestion. In the intestinal digestion, it was found that there were statistically signifi cant differences between all three comparisons for RHS. As for DHS and CHS, there were statistically signifi cant differences between all pairs of comparison except for T1 and T2. The variation in metal bioavailabilities between the gastric and the intestinal extraction may be due to the chemical form of the metals, metal species, gastrointestinal tract contents, diet, nutritional status, microfi bers of crystalline cellulose and phytates, phytochelatins, and vegetable species [110] . Furthermore, the metal bioaccessibilities may be affected by simulated parameters such as gastric and small intestinal pH and chemistry, gastric mixing, and gastric emptying rates [111] .
Daily Intake of Mn and Cd
The upper tolerable daily dietary intake limit (UL) were 11.000 mg/d/person for Mn [112] and 0.064 mg/d/ person for Cd [113] . From the 
Health Risk Index from Mn and Cd
The HRI value by the consumption of raw and cooked WWS estimated for adults (average of 44 years old) in Selangor state, Malaysia is presented in Table 16 . An HRI value of >1 showed there was a health risk involved if locals consumed Mn-contaminated cooked WWS (CHS) at T1. The health risks to be most concerned if the locals consumed Cd-contaminated raw and cooked WWS (RHS and CHS) at T1 and T2 due to the HRI values >1. The HRI value was highest (20.178) in CHS. In addition to WWS, spinach (Spinacia oleracea L.) irrigated with wastewater had HRI values >1 for Mn and Cd [116] . Furthermore, the vegetable such as coriander (Coriandrum sativum L.) harvested from wastewater and sewage water irrigated sites in Pakistan had high Mn and Cd with an HRI value of 0.92 [117] and 3.27 [118] , respectively. Nevertheless, a slightly higher HRI value (3.40) for Cd was reported in the pepper (Capsicum frutescens L.) harvested from the greenhouse in Iran [119] . Apart from the Mn and Cd, other elements such as arsenic (As), lead (Pb), molybdenum (Mo), copper (Cu), nickel (Ni), and selenium (Se) were observed to be high in the mustard (Brassica campestris L.) harvested from wastewater irrigated site in Pakistan with HRI value of 69.86, 10.95, 5.516, 2.732, 2.447, and 1.033, respectively [120] .
Conclusions
It was found that Mn and Cd bioavailability was higher for absorption in the gastric than the intestinal phase. In addition, the bioaccessibilities decreased in the order RHS > CHS > DHS for Mn, and as for Cd, it followed the order CHS > DHS > RHS. Regression analysis showed that both the Mn and Cd bioavailability was dependent on the type of samples (dried, raw, and cooked) and the treatment concentrations (C, T1, and T2). The estimated HRI values revealed that the WWS contaminated with Mn at different concentrations were free of any risks from consumption except for the Mn-contaminated cooked WWS at T1 whereas when consuming the raw and cooked Cd-contaminated WWS, it posed a higher risk toward health at all tested concentrations.
